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(54) ALLOY FOIL FOR UQUID-PHASE DIFFUSION BONDING BONDABLE IN OXIDIZING 
ATMOSPHERE 



(57) The present invention provides liquid phase dif- 
fusion bonding alloy foils capable of bonding in an oxi- 
dizing atmosphere, which can ensure joints with a 
homogeneous structure and adequate tensile strength 
in air in a short period of time using various alloys or Fe- 
based materials as materials to be bonded; specifically, 
they are Ni-based liquid phase diffusion bonding alloy 
foils with compositions comprising as essential compo- 
nents in terms of atomic percent, the diffusion elemerrts 
B or P at 1 .0-20.0% or B and P each at 1 .0-20.0%, and 
Si at 0.5 to ^15% or 0.5 to <10% and V at 0.1-20.0%. 
with the remainder sut^stantialty Ni and unavoidable 
impurities, and having a thickness of 3-100 pm. If nec- 
essary, one or more types of Or, Mn or Mo, Co, arKi/or 
one or more types of W, Nb and Ti may be selectively 
irKluded as appropriate. Compositions with a substan- 
tially amorphous crystal structure are most effective. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to a Ni-based liquid phase diffusion bonding alloy foil for bonding Fe-based mate- 
rials such as steel plates, steel pipes and bar steel (including steel wires and reinforcing steel), which allows liquid 
phase diffusion bonding in an oxidizing atmosphere and can give bonds with excellent bonding strength in a short time. 

Background Art 

10 

[0002] Liquid phase diffusion bonding is a bonding method whereby an alloy in the form of a foil* powder plating and 
having a eutectic composition with a lower melting point than the materials to be bonded is situated and compressed 
between the materials to be bonded, and the joint is heated to a temperature just above the liquidus of the insert alloy 
(hereunder referred to as "insert metal^ for melting followed by isothermal solidification, and it is considered to be one 
75 type of the solid phase bonding methods. Because liquid phase diffusion bonding allows bonding to be accomplished 
with relatively low pressure application, it has been conventionally used for bonding which requires absolutely minimal 
residual stress and deformation by bonding and has mainly been applied for high-alloy steel and heat-resistant steel for 
which simultaneous welding is difficult, and for bonding between these and cart»n steel. 

[0003] Liquid phase diffusion bonding is most commonly employed for bonding of materials containing at least 0.50% 
20 Cr as the aNoy composition. Cr-containing materials are characterized by forming dense Cr oxide (usually Cr203) films 
on their surfaces, and thus exhibiting excellent oxidation resistance and corrosion resistance. Consequently, the bond- 
ing heat also naturally causes formation of oxide films on the fcx>nding surface, and this inhibits wetting of the molten 
insert metal and considerably interferes with diffusion of atoms which is essential for bonding, so that it has been diffi- 
cult to obtain satisfactory joints. 
25 [0004] For this reason, all such conventional attempts, such as seen in Japanese Unexamined Patent Publications 
No. 53-81458. No. 62-34685 and No. 62-227595. have tended to entail notable increases in bonding costs, since tiie 
vacuum, inertness and reducing property of the bonding atmosphere must be maintained for the liquid phase diffusion 
bonding. 

[0005] TTie present inventors have conducted much research aimed at providing liquid phase diffusion bonding to be 

30 employed as a means of bonding stainless steel, high nickel-based alloys, heat resistant alloy steels and other related 
alloy steels, whereby the liquid phase diffusion bonding can be ac^veved even when an oxide film is produced on the 
bonded material surface in air. to give a satisfoctory joint in a short time and at a reduced bonding cost, and as a result 
we have found that such liquid phase diffusion tx^nding is possible even in an oxidizing atmosphere such as air by using 
an insert metal containing P or B, or P and B. as the diffusing elements, containing V at 0.1-20.0 atomic percent and 

35 having an increased amount of Si. 

[0006] In other words, it had already been found that while V is the element which increases the melting point of the 
insert metal, an insert metal with very excellent bonding properties can be obtained by appropriately adjusting the other 
elements (entirely Si according to the invention), and this is employed for liquid diffusion bonding of primarily stainless 
steel, high nickel-based alloys, heat resistarrt alloy steels and these alloy steels witii carbon steel, such as already dis- 

40 closed in Japanese Unexamined Patent Publications No. 2-151377. No. 2-151378. No. 2-185940. No. 7-268521 , No. 7- 
276066. etc. Liquid phase diffusion bonding alloy foil has been proposed which allows tx^nding of a Ni base containing 
P or B, or P and B. as the diffusing elements and containing V and Si. in an oxidizing atmosphere. 
[0007] However, arthough the aforanentioned inventions are all foils with high tending properties containing large 
amounts of Si for the purpose of lowering the melting point of the insert metal, they are often unsuitable as bonding alloy 

45 foils in cases which demand casting properties for the foils and relatively high toughness for tiie bonded materials. 
[0008] Specifically, it often occurs that the elasticity of the foil is reduced rendering it very brittie. or that the Si diffuses 
into the matrix after liquid phase diffusion bonding, resulting in an unwanted hardness increase and a considerably 
lower toughness in the so-called weld heat-affected zona 

so Disclosure of the Invention 

[0009] The present invention provides a Ni-based liquid phase diffusion borKling alloy foil for bonding even Fe-based 
materials represerrted by steel materials such as steel plates, steel pipes and bar steel (including steel wires and rein- 
forcing steel) comprising various alloys and cartx)n steel, which allows bonding in an oxidizing atmosphere and can 
55 ensure junctions of homogeneous composition witii sufficient applied stress in short periods of time in an oxidizing 
atmosphere. 

[0010] The present invention relates to a Ni43ased liquid phase diffusion bonding alloy foil which contains Ni as the 
t>ase and B. Si and V or P. Si and V or R B, Si and V as essential components, and which can be bonded in an oxidizing 
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atmosphere. 

[0011] The first invention is a liquid pliase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, 
characterized by having a conrposition containing 

5 B: 1.0 -20.0%, 

Si: 0.5 -<1 5.0%. 
V: 0.1-20.0% 

in terms of atonm'c percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
10 3-100 \itr\. 

[001 2] The second invention is a liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmos- 
phere» characterized by having a composition containing 

B: 1.0-20.0%. 
IS Si: 0.5 -<1 5.0%. 
V: 0.1 - 20.0%. 

and one or more types of 

20 Cr: 0.1 -20.0%, 
Mn: 0.1 -10.0%, 
Co: 0.1 - 15.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
25 3-100 ^im. 

[001 3] The third invention is a liquid phase diffusk)n bonding alloy foil capable of bonding in an oxidizing atmosphere, 
characterized by having a composition containing 

B: 1.0-20.0%, 
30 Si: 0.5 -<1 5.0%, 
V: 0.1 - 20.0%, 

and one or more types of 

35 W: 0.1 -10.0%. 

Nb:0.1 - 10.0%, 
Ti:0.1 - 10.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
40 3-100 Jim. 

[0014] The fourth invention is a liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, 
characterized t>y having a composition containing 

B: 1.0-20.0%. 
45 Si:0.5-<15.0%, 
V: 0.1-20.0%, 

and one or more types of 

so Cr:0.1 -20.0%. 

Mn: 0.1 - 10.0%, 
Co: 0.1 - 15.0%. 

and additionally one or more types of 

55 

W: 0.1 -10.0%. 
Nb: 0.1 - 10.0%. 
Ti:0.1 - 10.0% 
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in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
3-100 ^m. 

[0015] The fifth invention is a liquid phase diffusion k>onding alloy foil capable of bonding in an oxidizing atmosphere, 
characterized by having a composition containing 

5 

P: 1.0 -20.0%. 
Si: 0.5-<15.0%. 
V:0.1 -20.0% 

10 in terms of atomic percent and the remainder substantially NI arxi unavoidable Impurities, and by having a thickness of 
3-100 |im. 

[001 6] The sixth invention is a iKfuid phase diffusion borxiing alloy foil capable of bonding in an oxidizing atmosphere, 
characterized by having a composition containing 

IS P: 1.0 -20.0%. 

Si: 0.5 - <15.0%. 
V:0.1 -20.0%. 

and one or more types of 

20 

Cr: 0.1 -20.0%; 
Mo: 0.1 -15.0%. 
Ck>: 0.1 - 15.0% 

25 In temis of atomic percent and the remainder substantially Ni and unavoMable Impurities, and by having a thickness of 
3-100 \m. 

[0017] The seventh invention is a liquid phase diffusion bonding alloy foil capable of bonding In an oxidizing atmos- 
phere, characterized by having a composition containing 

30 P: 1.0 -20.0%. 

Si:0.5-<15.0%. 
V:0.1 -20.0%. 

and one or more types of 

35 

W: 0.1 - 10.0%. 
Nb: 0.1 - 10.0%. 
Tl: 0.1 - 10.0% 

40 In terms of atomic percent and tiie remainder sut)stantially Ni and unavoidable impurities, and by having a thickness of 
3-100 ^m. 

[0018] The eighth invention is a liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmos- 
phere, characterized by having a composition containing 

45 P: 1.0 -20.0%. 

SI: 0.5 - <15.0%. 
V:0.1 -20.0%. 

and one or more types of 

50 

Cr:0.1 -20.0%. 
Mo: 0.1 -15.0%. 
Co: 0.1 -15.0%, 

55 and additionally one or more types of 

W: 0.1 - 10.0%. 
Nb:0.1 - 10.0%. 
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Ti: 0.1 -10.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
3-100 Jim. 

5 [001 9] T?ie ninth invention is a liquid phase diffusion borxling alloy foil capable of bonding in an oxidizing atmosphere, 
characterized by having a composition containing 

P: 1.0 -20.0%. 
B: 1.0-20.0%. 
10 Si: 0-5 -<1 0.0%. 
V: 0.1 - 20.0% 

in terms of atomic percent and the remainder 8ufc)stanttally Ni and unavoidable impurities, and by having a thickness of 
3-100 fim. 

IS [0020] The tenth invention is a liquid phase diffusion borxiing alloy foil capable of bonding in an oxidizing atmosphere, 
characterized by having a composition containing 

P: 1.0-20.0%, 
8:1.0-20.0%. 
20 Si: 0.5 -<1 0.0%. 
V: 0.1 -20.0%. 

and one or more types of 

25 Cr: 0.1 - 20.0%, 
Mn: 0.1 - 10.0%. 
Co: 0.1 - 15.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
30 3-100 ^m. 

[0021 ] The eleventh invention is a liquid phase diffusion bonding alloy foil capable of bonding In an oxidizing atmos- 
phere, characterized by having a composition containing 

P: 1.0-20.0%, 
35 B: 1.0-20.0% 

Si:0.5-<10.0%. 
V: 0.1 -20.0%. 

and one or more types of 

40 

W:0.1 - 10.0%. 
Nb: 0.1 - 10.0%. 
Ti: 0.1 -10.0% 

45 in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
3-100 nm. 

[0022] The twelftti invention is a liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmos- 
phere, characterized by having a composition containing 

so P: 1.0 -20.0%. 

8:1.0-20.0%. 
Si: 0.5 -<1 0.0%, 
V: 0.1 -20.0%. 

55 and one or more types of 

Cr: 0.1 - 20.0%, 
Mn: 0.1 - 10.0%, 
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Co: 0.1 -15.0%, 
and addrtionally one or more types of 

5 W: 0.1 -10.0%. 

Nb: 0.1 - 10.0%. 
Ti: 0.1 -10.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thickness of 
10 3-100 MHi. 

[0023] The thirteenth invention is a liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmos- 
phere, according to any of the first to twelfth inventions, characterized in that the crystal structure of the composition is 
substantially amorphous. 
[0024] For the purpose of the invention, 

IS 

Te-based material" means a steel material composed of any type of caiten steel containing at least 50% Fe in 
terms of atomic percent. 

"Substantially amorphouis" means that at least 50% of the crystal structure of the composition is amorphous. 

"Liquid phase diffusion kx)nding" includes diffusion brazing, and is any bonding method whereby an alloy in the form 
20 of a foil, powder or plating and having a eutectic composition with a lower melting point than tiie materials to be 

bonded is situated and compressed between the materials to be bonded, and the joint is heated to a temperature 

just above the liquidus of the insert alloy (hereunder referred to as "insert metal") for melting followed by Isothermal 

solidification: here, melting includes not only a total molten state but also a 50% or greater molten state. 

"Oxidizing atmosphere" means an atmosphere which contains at least 0.1% oxygen gas in terms of volume percent 
25 of the bonding atmosphere, and has an oxygen partial pressure of at least 10'^ atm. i.e. oxidizing power of at least 

0.1% in terms of oxygen concentration even when containing a reducing gas such as H2, H2S. water vapor or the 

like. 

[0025] Unless othenwise specified, "melting point" means the solidus on tiie phase diagram in the case of alloys which 
30 are divalent or of greater valency. 

Brief Description of t he Drawings 

[0026] 

35 

Fig. 1 is a plan view showing an example of liquid phase diffusion bonding with a liquid phase diffusion bonding 

alloy foil (insert metal), where the materials to be bonded are round steel bonding specimens. 

Fig. 2 is a plan view showing an example of a round steel specimen obtained by liquid phase diffusion tx>nding, 

where a tensile test piece is also being sampled. 
40 Fig. 3 is a plan view showing an example of a tensile test piece sampled by a tensile test piece sampling apparatus. 

Fig. 4 is a graph showing the relationship between the joint tensile strength and tiie V content of a Ni-based insert 

metal for liquid phase diffusion bonding using an Fe-based material as the bonded material. 

Fig. 5 is a graph showing the relationship between the joint tensile strength and the Si content of a Ni-based insert 

metal for liquid phase diffusion bonding using an Fe-based material as the bonded material. 
45 Fig. 6is a graph showing tiie relationship between the Joint tensile strengtfi and the B content of a Ni-t>ased insert 

metal for liquid phase diffusion bonding using an Fe-based material as the bonded material. 

Fig. 7 is a graph showing the relationship between the joint tensile strength and the thickness of a Ni-based insert 

metal for liquid phase diffusion bonding using an Fe-based nnaterial as the lx>nded material. 

Fig. 8 is a graph showing the relationship between tiie joint tensile strengtii and the bonding time of a Ni-based 
so insert metal for liquid phase diffusion bonding using an Fe-based material as the bonded material, also showing a 

comparison between different cases using a B-based insert metal and a P-based insert metal. 

Rg. 9 is a graph showing the toughness of the matrix heat affected zone at a testing temperature of O^'C after liquid 

phase diffusion bonding using an Fe-based material as tiie bonded material. 

Fig. 10 is a graph showing the relationship between the joint tensile strength and tiie P content of a Ni-based insert 
55 metal for liquid phase diffusion bonding using an Fe-based material as tiie bonded material. 

Fig. 1 1 is a graph showing the toughness of tiie matrix heat affected zone at a testing temperature of O^'C after liquid 
phase diffusion bonding using an Fe-based material as the bonded material, also showing a comparison between 
different cases using a B-based insert metal and a P-based insert metal. 
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Fig. 12 is a graph showing the relationship between the joint tensile strength and the bonding time of a Nl-based 
insert metal for liquid phase diffusion bonding using an Fe-based material as the bonded material. 
Fig. 1 3 is a graph showing the toughness of the matrix heat affected zone at a testing temperature of 0"C after liquid 
phase diffusion bonding using an Fe-based material as the bonded material. 
5 Fig. 1 4 Is a graph showing the relationship between the joint tensile strength and the Si content of a Nl-based Insert 

metal containing B and P for liquid phase diffusion bonding using an Fe-based material as the bonded material. 

Best Mode for Carrying Out the Invention 

10 [0027] The present inventors have noted the effect obtained with Ni-based liquid phase diffusion bonding alloy foils 
containing R Si and V or B, SI and V or P, B, Si and V. such as already disclosed In Japanese Unexamined Patent Pub- 
lication No. 2-151377, No. 2-151378. No. 2-185940, No. 7-268521, No. 7-276066. etc., and have carried out much 
research on liquid phase diffusion bonding alloy foils which are not burdened with problems of non-uniform composition, 
etc. even when bonding Fe-based materials; the inventors have eventually obtained a tough foil wherein the Si concen- 
ts tration is limited to less than 15% or less than 10% as the necessary amount and the other components, particularly P 
and B, are appropriately limited, and have thus arrived at the present Invention as a novel alloy foil cornposition which 
has no effect on the matrix material. 

[0028] This alloy foil is Ni-based, but since the Si concentration is low It can be applied for bonding of iron-based mate- 
rials, and can give joints with superior properties In the weld heat-affected zone, even when borxilng heterogeneous 
20 materials such as ferrite-austenite. 

(1) According to the first to fourth inventions and the thirteenth invention of the present invention, the Ni-based liq- 
uid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere contains as essential compo- 
nents B as the diffusion element which contributes to a lower melting point, SI which contributes to a lower melting 

25 point and V which alleviates the effect of the oxkje film; with these components there cu^e included one or more 
selected from among Cr, Mn and Co which primarily increase the corrosion resistance of the Joint or one or more 
selected from among W, Nb and Ti which primarily increase the joint strength, or there are simultaneously included 
one or more selected from among Cr, Mn and Co which primarily increase the corrosion resistance of the joint and 
one or more selected from among W, Nb and Ti which primarily increase the joint sti-ength. 

30 The aforementioned diffusion elements and selected components are combined and added appropriately 

depending on the component composition for bonding and tiie Intended characteristics of the joint. 

B and P are known as diffusion elements, but here B was chosen as a diffusfon element which has a larger 
diffusion coefficient and drastically shortens the txinding time and Increases the bonding strength in comparison to 
P, despite its high bonding temperature of 1050-1300°C. 

35 Thus, the liquid phase diffusion bonding alloy foil of the invention is used mainly for bonding of materials 

wherein the toughness of the heat-affected zone does not decrease in this temperature range. 

(2) According to the fifth to eighth inventions and the thirteenth invention, the Ni-based liquid phase diffusion bond- 
ing alloy foil capable of bonding in an oxidizing atmosphere contains as essential Components P as the diffusion 
element which contributes to a lower melting point SI which contributes to a lower melting point and V which alle- 

40 viates the effect of the oxide film; with these components there are included one or more selected from among Cr. 
Mo and Co which primarily increase the corrosion resistance of the joint or one or more selected from among W. 
Nb and Ti which primarily increase tiie joint tensile sti-ength. or there are simultaneously included one or more 
selected from among Cr. Mn and Co which primarily increase the corrosion resistance of the joint and one or more 
selected from among W. Nb and Ti which primarily increase the joint tensile strength. 

45 The aforementioned diffusion elements and selected components are combined and added appropriately 

depending on the component composition for bonding and tiie intended characteristics of the joint. 

B and P are known as diffusion atoms, but here P was chosen as a diffusion element which has a smaller dif- 
fusion coefficient than B and therefore a longer bonding time, but also has a low bonding temperature of 950- 
lOSO'^C, allowing tiie heat source unit to be reduced. 

50 Thus, tiie liquid phase diffusion bonding alloy foil of the Invention Is used mainly for bonding, for example. Fe- 

based materials containing Mo which may tend to produce coarse crystal grains and thus exhibit lower toughness 
at the heat-affected zone when bonded in a high temperature range of 1050''C and above. 

(3) According to the ninth to twelftii inventions and tiie thirteentii invention, tiie Ni-based liquid phase diffusion 
bonding alloy foil capable of bonding in an oxidizing atinosphere contains, as essential components, B and P as the 

55 diffusion elements which contribute to a lower melting point, Si which contributes to a lower melting point and V 
which alleviates the effect of the oxide film; with these components there are included one or more selected from 
among Cr, Mn and Co which primarily increase the con^oslon resistance of the joint or one or more selected from 
among W. Nb and Ti which primarily Increase the joint tensile strength, or there are simultaneously Included one or 
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more selected from among Cr. Mn and Co which primarily increase the corrosion resistance of the joint and one or 
more selected from among W. Nb and Ti which primarily increase the joint tensile strength. 

[0Q29] The aforementioned diffusion elements and selected components are combined and added appropriately 
5 deperxJing on the component composition for bonding arxi the intended characteristics of the joint. 

[0030] B and P are known as diffusion elements, and here B is used in combination with P so that the complementary 
action of P will avoid problems such as coarse crystal grains and lower toughness at the heat-affected zone when bond- 
ing in a high temperature range of 1050*'C and above, even when the material to be bonded is an Fe-based material 
containing Mo. for example, and so that the bonding time can be shorter than with P alone. 
10 [0031] Thus, the liquid phase diffusion bonding alloy fbil of the Invention may be applied to a wider range of objects 
for tx>nding. 

[0032] The components Included according to the Invention will now be explained in connection with the purpose and 
announts of their Inclusion. 

IS (1 ) Ni base (Ni included at 50% or greater in terms of atomic percent) 

[0033] NI Is resistant to oxidation and has a relatively low melting point, so that it Is sultat>le as a bonding material. 

(2) Bat 1.0-20.0% 

20 

[0034] B is an element used as a diffusion element to achieve Isothermal solidification necessary for the liquid phase 
diffusion bonding, and also to give a lower melting point than the material being bonded: for these purposes it must be 
present at a content of 1.0% or greater, but detailed research by the present inventors has shown that if the content 
exceeds 20.0% coarse Mo-and Cr-containing borides are produced near the joint in cases where the material to be 
25 bonded contains Mo and Cr. ttius resulting in a lower joint tensile strengtii, and therefore the range is determined to be 
1.0-20.0%. 

(3) Pat 1.0-20.0% 

30 [0035] P Is an element used as a diffusion element to achieve the isothermal solidification necessary for the liquid 
phase diffusion kx>ndlng. and also to give a lower melting point than tiie material being bonded: for these purposes it 
must be present at a content of 1 .0% or greater, but detailed research by the present inventors has shown that if the 
content exceeds 20.0% coarse metal compounds of 5 ^m and greater are produced SLvnong the crystal grains on the 
bonded material side, thus resulting in a lower joint tensile strength. arKi therefore the range is determined to be 1.0- 

35 20.0%. 

(4) Si at 0.5- <1 5.0% 

[0036] Si is an element effective for lowering the melting point, and it prevents relatively higher melting points and 
40 longer bonding times which result from large addition of V. At less than 0.5% the effect is more moderate. At 15.0% and 
greater coarse Si-containing oxides are produced in the insert metal during liquid phase diffusion bonding in an oxidiz- 
ing atmosphere, thus Impairing the tensile sta-ength and toughness. However, when B arxi P are added In combination 
in the range defined above, the upper limit Is preferably less than 10%. When the Si content is 1 0% or greater acceler- 
ated vitrification results In poorer founding properties, a non-uniform thickness and lower tensile strength of the joint. 

45 

(5) Vat 0.1-20.0% 

[0037] V is an element which converts the oxide film on the surface of the material being bonded, for exanrple Fe203 
in the case of bonding an Fe-based nnaterial. into the low melting point compound oxide V205-Fe203 (melting point 
so approximately SOO^C). 

[0038] TTius, by melting at the tx)nding temperature (900-1 200*C) and because of spheroidization due to the differ- 
ence in surface tension in the liquid phase, better wetting of the material being fcK)nded and the insert metal is achieved. 
[0039] The diffusion elements B and P are very important elements which, being virtually unaffected by the surface 
oxide film, freely diffuse between the spheroldtzed oxides to accomplish liquid phase diffusion bonding in an oxidizing 
55 atmosphere. 

[0040] At less than 0.1% the melting of the oxide film Is Insuffk^tent and fails to give an effect, while at greater than 
20.0% the melting point of the Insert metal is over 1300*C making It substantially impossible to achieve liquid phase dif- 
fusion bonding. 
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(6) Cr at 0.1-20.0% 

10041 ] Cr serves primarily to increase the corrosion resistance and oxidation resistance. At less than 0.1% the effect 
is insufficient, and at greater than 20.0% the melting point of the alio/ foil increases dramatically, resulting in poorer pro- 
5 ductivity and an increase to very high temperatures (1300'>C or higher) which are substantially outside of the range for 
the liquid phase diffusion bonding temperature. 

(7) Mn at 0.1-10.0% 

10 [0042] Mn has tiie effect of increasing the strength by solid dissolution of Ni. At less tiian 0.1% the effect is insufficient, 
and at greater than 1 0.0% it can become a cause of lower joint tensile strengtii due to poor toughness. The Mn is effec- 
tive primarily in cases where B is used as the diffusion element 

(8) Mo at 0.1-15.0% 

75 

[0043] Mo is indispensable for improving the corrosion resistance as is Cr, and especially has an effect of improving 
the stress corrosion cracking resistance and improving the creep strength at the joint tiirough solid solution reinforce- 
ment at high temperatures. At less tinan 0.1% the effect is insufficient, and at greater than 15.0% coarse metal com- 
pounds are produced which cause poor toughness and lower joint tensile strength. 
20 [0044] When B is used as the diffusion element. Mo causes deposition of high-melting-point borides at the grain 
boundaries which impair tiie toughness and lower tfie joint tensile strengtii, and so it is preferably not used when the 
diffusion element is B. 

(9) Co at 0.1 -15.0% 

25 

[0045] Co is added primarily to increase the corrosion and oxidation resistance, and to confer additional strengtii. At 
less than 0.1% the effect is insufficient, and at greater than 15.0% coarse intermetallic compounds are produced in the 
insert metal thus inhibiting toughness of the joint. 

30 (10) W, Nb and Ti at 0.1-10.0% each 

[0046] W serves to inaease the tensile strength of the joint. At less than 0.1 0% there is no effect, and at greater than 
10.0% the high temperature strength is instead lowered due to coarse Laves phase deposition caused by derxjritic 
crystal segregation. 

35 [0047] Nb has the effect of enhancing the toughness when diffused in the base material as carbides, nitrides or car- 
bonitrides. At less tiian 0.1% tiie effect is insufficient, and at greater than 10.0% coarse intermetallic compounds are 
often produced which notat)ly impair the toughness of the joint 

[0048] Ti serves to increase the tensile strength of the joint, and it also increases the toughness when uniformly dis- 
persed as cartDides and nitrides. At less than 0.1% the effect is insufficient, and at greater than 10.0% coarse interme- 

40 tallic compounds are produced which notak)ly impair tiie toughness of the joint. 

[0049] The liquid phase diffusion tx)nding alloy foil of the invention which has the component composition descrit>ed 
above requires uniform melting during the liquid phase diffusion bonding in order to give a satisfactory joint. 
[0050] With a non-uniform composition, segregation of the alloy components will create a situation in which the melt- 
ing point of tiie insert metal will differ depending on the location of tiie joint, so tiiat tiie bonding interface will not be 

45 homogeneous and a satisfactory joint cannot be obtained. 

[0051 ] In fact, in order to avoid a non-uniform composition and segregation of the alloy components, the crystal struc- 
ture is preferred to be amorphous. 

[0052] In cases where a uniform composition can be obtained even with a crystalline structure, it is not essential for 
the crystal structure to be amorphous. 
50 [0053] The liquid phase diffusion k)onding alloy foil of the invention can k>e provided as insert metals in various forms. 
[0054] Alloys witti any of the components according to the first to twetftii inventions can be easily produced as amor- 
phous alloy foils by. for example, liquid quenching. 

[0055] The t^aslc production process employed in this case is a liquid quenching process whereby tiie molten alloy is 
blown out through a nozzle onto a cooled substrate and cooled to hardness by thermal contact, and particularly a sim- 
55 pie single-roll quenching process may be applied whereby a single cold roll is used as the cooled substi^ate. 

[0056] Alternative processes include cenfrif ugal quenching processes using the inner walls of drums and processes 
using endless-type belts, as well as improvements on these processes involving supplementary rolls or roll surface tem- 
perature control devices, and casting under reduced pressure and in a vacuum or inert gas atmosphere is also 
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included. Twin-roll processes wherry the melt is poured between a pair of rolls for quenching solidification may also 
be applied. 

[0057] In addition, the alloy may be vacuum melted and cast, and the resulting cast strip is rolled and annealed by a 
common process to provide the alloy foil. 

5 [0058] The alloy foil obtained in this manner will be more advantageous for liquid phase diffusion bonding if it has a 
smaller thickness since that will result in less variation In mechanical properties near the joint and less time required for 
bonding, but if the thickness is less than 3 ^m the absolute V content in the alloy foil will be insufficient to counter the 
oxide film on the surface of the material being bonded, while if rt is over 100 ^m the time required to complete the liquid 
phase diffusion bonding will increase to 10 hours or more, which is impractical; therefore, the alloy foil is preferred to 

10 have a thickness of 3-1 00 ^m. 

[0059] Although the present invention relates to alloy foils for liquid phase diffusion bonding, the bonding can also be 
accomplished in air^ and thus it can be usefully applied to diffusion brazing bonding methods as well. 

Examples 

IS 

[0060] Uquid phase diffusion bonding of Fe-based materials (caiten steel) as bonded materials was carried out using 
liquid phase diffusfon bonding alloys according to the invention. The conditions enployed and the results obtained will 
now be described along with comparative examples, with reference to the tables and drawings. 
[0061 ] Approximately 1 00 g each of different alloys with component compositions (in atomic percent) according to one 
20 of the first to fourth inventions of the present invention were quenched by the single-roll quenching process (cooling roll: 
Cu alloy. 300 mm diameter), to form alloy foils of substantially amorphous crystal structure, to sheet widths of 2-21 5 mm 
and sheet thicknesses of 3-1 00 y^xn. 

[0062] The circumferential speed of tiie cooling roll at tills time was kept between 5.0-1 5.0 m/s. 
[0063] The component compositions (atomic percent) of the alfoy foils of the Inventfon for these examples, all of which 
25 are Ni-based. were as shown in Table 1 , where the differences between the totals of the compositions in Table 1 and 
100% indicate the total concentrations of Ni and unavokJable impurities. 

[0064] The component compositions (atomic percent) of the alloy foils for comparison with the alloy foils of the inven- 
tion are shown in Table 2. As with the alloy foils of the invention, all are Ni-based and the differences between tiie totals 
of tiie compositions in Table 2 and 100% indicate ttie total concentrations of Ni and unavokiable impurities. The com- 

30 parison alloy foils in Table 2 were prepared in exactiy tfie same manner as the alloy foils of the invention in Table 1 . 
[0065] Liquid phase diffusion t>onding was carried out using the alloy foils listed in Tables 1 . 5 and 7 which conform 
witii the first to twelfth inventions and the thirteenth invention of tiie present invention (hereunder refen-ed to as "insert 
metals of the invention") and the comparison alloy foils listed in Tables 2, 6 and 8 (Including conventional-type insert 
metals, hereunder referred to as "comparison insert metals"). 

35 [0066] For these examples, the insert metals of tiie invention were formed into disks of 3-1 00 lun thickness and 20 
mm diameter, and tiie comparison insert metals into disks of 7.67-234.10 \xm tiiickness and 20 mm diameter, and were 
sandwiched between round steel (20 mm diameter) and round steel (20 mm diameter) made of an Fe-based material 
(SKT400) as the material to be bonded, as shown in Fig. 1. 

[0067] In Rg. 1 , 1 is tiie material to be bonded (round steel) and 2 is the liqukJ phase diffusion bonding alloy (insert 
40 metal). 

[0068] The liquid phase diffusion bonding atmosphere was air, the bonding temperature was in the range from just 
above the melting point of each alloy foil to 50*^0 above the melting point, arxi a large-sized heating fornace was used 
tor Ikiutd phase diffusion bonding with tiie target temperature set to substantially 950-1 SOO^'C. 
[0069] The material to be bonded 2 and tiie insert metal 3 were both compressed at a pressure force of 2 megapas- 
45 cals (MPa) to improve the adhesion between them. 

[0070] The bonding time was 1 0 minutes for all the foils, and. in order to ensure tensile strength, conosion resistance 
and toughness of the bonded materials, the trending was followed by thermal treatment which comprised annealing, 
quenching + annealing, annealing + tempering or quenching + annealing + tempering, as appropriate eitiier alone or in 
different combinations. 

so [0071] Mutual diffusion of the elements in the bonded materials occurred during the thermal freatment, promoting 
homogenization of tiie joints, and virtually no production, increase or growtti of deposits was cast in tiie insert metals 
of the invention. 

[0072] The soundness of tiie joints was examined witii a #JISA2 subsize round steel tensile testing apparatus, and 
the non-bonded area ratio was 0% in all of tiie test pieces witti insert metals of ttie invention. 
55 [0073] In addition, a #JISA2 tensile test piece such as shown in Rg. 3 was cut out in ttie axial direction of the round 
steel from tiie regton shown in Rg. 2, and a tensile tester was used to examine the relative tensile strengtti of ttie joint 
at normal temperature. 

[0074] The tensile strengtti for joints is determined by the quality of tiie materials bonded, tiie plate ttiickness and ttie 
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conditions of the use environment, and for these examples 400 MPa was provisionally set as the minimum required 
strength based on practical restrictions, and bonds were judg^ as adequate if a tensile strength at or above this level 
was obtained. The results of the experiment are shown In Tables 1 to 8 and Figs. 4 to 13. 

< Example 1 > 

[0075] Embodiments of diffusion bonding alloy foils according to the first to fourth inventions and the thirteenth inven- 
tion, in which B was included as the diffusion element and Si and V as essential components, will now be explained 
based on Tables 1 , 2, 3 and 4 and Figs. 4 to 9. 
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Base 


P-based insert metal 
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Table 4 





Tenperature (**C) 


Stress (MPa) 


B-based insert metal 


1150 


2.0 


P-based insert metal 


950 


2.0 



20 [0076] As shown in Table 1 , a very satisfactory tensile strength of over the target level of 400 MPa was exhibited by 
joints No.1 to 199 Onvention examples) which were obtained by liquid phase diffusion bonding wherein the bonding 
materials were diffusion txxiding alloy foils according to the first to fourth inventions and the thirteenth invention. 
[0077] In contrast, as shown in Table 2, tensile strength of under the target level of 400 MPa, which was completely 
unsatisfactory, was exhibited by all of the joints No.200 to 212 (comparative examples) which were obtained by liquid 

25 phase diffusion bonding wherein the bonding materials were comparison alloy foils with compositions or thicknesses 
not conforming to the invention. 

[0078] Specifically, No.200 of the comparative examples was a case where the B content was insufficient and the 
melting point was over 1 aoC'C. resulting in markedly lower tensile strength, while No.201 was a case where the B con- 
tent was high and coarse borrdes were abundantly produced at the alloy skle of the bond near the joint, thus reducing 

30 the tensile strength of the joint. 

[0079] No.202 was a case where the Si content was insufficient and the melting point was over 1300"C, resulting in 
markedly lower tensile strengtii a! tiie joint, while No.203 was a case where the Si content was in excess and coarse 
Si02-based oxides were produced in the insert metal during bonding, thus reducing the tensile strength of the joint. 
[0080] No.204 was a case where the V content was insufficient so that the oxide film produced on the bonded material 

3S alloy surface was not adequately countered and the tensile strength of the joint was reduced, while No.205 was a case 
where the V content was in excess and the melting point was extremely high, so that liquid phase diffusion bonding 
could not be adequately accomplished and the tensile strength of the joint was reduced. 

[0081] No.206 was a case where the atujndant presence of Cr resulted in a considerably high melting point so that 
liquid phase diffusion bonding couki not be adequately accomplished and the tensile strength of tiie joint was reduced, 
40 while No.207 was a case where the Mn content was in excess impairing the toughness and reducing the joint tensile 
strength. 

[0082] No.208 was a case where the Co content was in excess and coarse intermetallic compounds were produced, 
reducing the toughness and lowering the tensile strength at the joint. No. 209 was a case where the W content was in 
excess and coarse intermetallic compounds were produced, reducing the toughness and lowering the tensile strength 

45 at the joint, and No.21 0 was a case where the Nb content was in excess, and grain bourxiary segregation was produced 
due to overpredpitation of borkies, resulting in fragility and reducing the tensile strength at the joint. 
[0083] No.21 1 was a case where the Tl content was in excess, and overprecipitation of coarse intermetallic com- 
pounds resulted in lower toughness and reduced tensile strength at the joint, and No.212 was a case where the alloy 
foil thickness was too large, resulting in reduced tensile strength at the joint. 

50 [0084] As shown above, liquid phase diffusion bonding using the comparison insert metals which partially satisfied 
the conditions of tiie invention but did not satisfy all of those conditions was not able to provide ttie target joint tensile 
strength of 400 MPa. 

[0085] Figs. 4 to 8 are graphs showing tiie effects of the components (atomic percent) and thicknesses determined 
for diffusion bonding alloy fbiis according to the first to fourth inventions where B was used as the diffusion element, in 
55 terms of the relationship between the bonding time and the joint tensile strength (MPa). 

[0086] Fig. 4 shows the effect of the V concentration in the insert metal on the joint tensile strength. When the V con- 
centration is less than 0.1% in terms of atomic percent, tiie oxidefilm on the surface of the bonded material alloy surface 
is not sufficiently countered and therefore the joint tensile strength is reduced, but in a range of 0.1-20.0% in terms of 
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atomic percent, the joint tensile strength is equivalent to or exceeds that of the matrix (bonded material), and the V 
effectively ads to counter the oxide film. However, if the V content is greater than 20.0 atomic percent the melting point 
of the insert metal Increases so that the bonding time is inadequate and the joint tensile strength is thereby reduced. 
[0087] Fig. 5 shows a similar relationship between Si and the joint tensile strength. The joint tensile strength is low 
5 when Si is less than 0.5% or greater than 15.0%. but high joint tensile strength is obtained when it is from 0.5 to 15.0%. 
[0088] Fig. 6 shows the relationship between the B concentration in the insert metal and the joint tensile strengtii. 
[0089] When B is less than 1 .0% tiie melting point of tiie insert metal is high, and when it is over 20.0% the borides 
produced near the bonding interface lower the joint tensile strength. A high joint tensile strength is obtained when B is 
from 1.0 to ^0.0%. 

10 [0090] Fig. 7 shows tiie relationship between the thickness of tfie insert metal and the joint tensile strength. The ten- 
sile strength is clearly inadequate witfi foils of thickness exceeding 100 ^m. 

[0091] Fig. 8 shows the relationship between the joint tensile strength (MPa) and tiie bonding time as determined 
experimentally using B as tfie diffusion element, witii the results compared to using P as tiie diffusion element. The con- 
ditions for the experiment are shown in Tables 3 and 4. 
IS [0092] As shown in Rg. 8, Table 3 and Table 4, a higher bonding temperature was required for the invention in which 
B was used as the diffusion element as compared to using P as the diffusion element, but it was possible to achieve the 
target joint tensile strength of 400 (MPa) in a shorter time. 

[0093] Fig. 9 is a graph showing the toughness of the matrix heat affected zone at a testing temperature of O^'C after 
liquid phase diffusion bonding, and although the toughness is slightly lower compared to using P as the diffusion ele- 
20 ment whereby t>ond!ng was possible at a tenperature of SSO^'C. superior results were obtained at above the evaluation 
reference value (50 Pa) even when bonding at a temperature of 1050'*C or higher. vv 

(Example 2) 

25 [0094] Embodiments of diffusion bonding alloy foils according to tiie fifth to eighth inventions and the thirteenth inven- 
tion, in which P was included as the diffusion element and Si and V as essential conrponents. will now be explained 
based on Tables 5 and 6 and Figs. 10 and 1 1 . 



22 



EP 0 922 525 Al 



ile 1 


strength 
(MPa) 


iH 


O 


GO 
rH 


o 


00 

o 


— 1°: 


00 


»n 
o 


00 


CO 


00 
00 


rH 


cn 
so 


VO 


cn 
tn 


CO 

cn 


VO 
en 


o 


rH 

ir» 


rH 
CJV 


VO 

in 


rH 
CO 


O 
lO 


CO 
CM 


to 

VO 


1 Tens 


O 

CO 
Ul 


rsi 


<n 
o* 
<r 


wo 


CM 
m 


<n 
m 


u-i 

CO 

-a- 


00 


rO 
VO 

<r 


f-H 
rH 

m 


03 

in 


-3" 

m 

•a- 


CM 

o 

in 


CM 
CJ> 

<»■ 


so 


m 
oo 


Ov 


CM 

»o 


rH 

-a- 
to 


VO 

to 


<r 


o\ 

CM 

tn 


o\ 

rH 
VO 


en 

•o 


cn 
o 
to 


Bonding 
atmosphere 






















































u 


u 

-H 
qf 


U 
-H 
Of 


u 

(4 


ki 

(4 


u 

•H 
(4 




U 
••H 
cd 


u 
cd 


u 
(d 


)H 

<d 


u 

-*H 

Id 


u 

•r^ 

(d 


IH 

fd 


u 
fd 


u 
Cd 


u 

cd 


ui 
fd 


U 

fd 


u 
Cd 


fd 


fd 


•H 

fd 


U 

fd 


Alloy foil 


CO 
01 

01 ^ 

5 §. 

H 
C 

u 


CM 


m 


vO 
CO 


rs. 

CO 


lO 
OO 


O 

o 


CO 


CM 




VO 
iH 


CO 


m 


o 
o 

rH 




CM 


o 


o 

VO 


in 
m 


cn 
<r 


cn 


CM 

r*. 


CO 


o 

VO 


<n 


VO 

as 














































































































omic 


XI 
Z 




















































il (at 


> 




















































fo 


o 


































o\ 

CM 


<n 


cn 
en 








at 


o 

CO 




loy 


o 


































rH 












r>. 


«n 


t-H 


«— 1 

c4 


o 




























VO 

o 


rH 
vO 


tn 








rH 
O 


VO 


OO 


00 


to 
to 


lO 


•H 






























en 


VO 


wo 








rs. 






VO 


CM 
rH 


CM 
rH 


CO 

C 
























oo 


CM 


o 














VO 
CM 


vO 


00 

oo 








3one 


o 






















\n 


SO 


VO 
rH 














VO 
rH 




O 








luio 




en 

o 




vO 


CO 
lO 


CM 

<T 


o 

CM 




i-l 
CO 


oo 


o 


CO 


m 

00 


cn 


n 


rH 


o 




H 




30 




o 


O 
Ot 


o 
so 


m 


u 

OS 


> 


to 

rH 


oo 


CD 


m 


VO 
«-f 




r* 




CM 


CM 
iH 


en 
rH 


o 


o 

t-H 


CO 


t-H 




as 


<r 

rH 


CO 
rH 


rH 




o 

rH 


en t 
rH i 


H 


o 

H 


o 




CM 
lO 


CM 

m 




o 

00 


CM 
CM 


rs. 

FN. 


in 

CM 


m 


rH 


cn 
in 


lO 
CM 


<r 
m 


VO 
CO 


to 
o 


o\ 

CO 




o 

rH 


a% 
n 


>i 
o\ 


lO 




o 

O 


C7» « 
to 1 


■"^ 1 
O 1 


n 


Chen 




o 


CM 




«a- 


.H 
f-l 


CM 
r-f 


•H 


m 




o 


VO 


cn 

rH 


en 


cn 

H 


CM 


rH 




tn 


rH 
rH 


rH 


iO 


» 


cn < 


n t 


o 






<r 

lO 


m 
O 


n 


x> 


CM 
CO 


0* 
0\ 


o\ 
o> 


UD 


O 
CM 


o 
o 


as 


CM 


en 
o 


rH 

m 


-a- 1 
o < 


o 


rM ' 
o 




O 

O 1 


D < 


■M < 

n . 


H 


rH C 

o « 


D t 
D f 


o 




C3^ 

iH 


\o 

H 


rH 


H 


SO 


r-f 


m 

iH 




c^ 


rH 
r-l 


o 

rH 


oo 


m 


O 

H 


V 


o 


-a* V 

rH , 


n 

H 


■n 


< 

H 


ao 1 


-H 


e 

rH 


D \ 


O 


No. 


H 


:m 


cn 










BO 


a\ 4 


o 


rH 


rM 


m 




\n \ 


O i 






-H < 


D . 
N < 


-H C 
N ( 


M < 
M ( 


n - 
M c 


:r I 
M C 


o 

M 



23 



EP 0 922 525 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



CN 
I 

tn 



i3 



^ 00 
01 01 

CO 



G CU 

-H 01 

•tJ O 

O 4-1 

A OS 



O 09 
O U ^ 



o 



o 



l4 
O 



ON m 



04 



vn 



o 
eg 



CM 



00 

o 



00 
O 



tn 
vo 



CM 



o 

NO 



CM 
O 



CM 
CM 



Ok 



55 



24 



EP 0 922 525 A1 



Tensile 
strength 
(MPa) 


m 
vo 

ov 

o> 
vo 


576.29 


561.80 


588.69 


m 
o 

vO 


CM 
OO 

rH 
00 


•a* 
to 

ov 

CO 

m 


584.61 


CM 
VO 

<r 
<r 
to 


491.10 


509.38 


522.53 


576.12 


541.07 


581.00 


rH 
lO 

<r 

tH 

to 


to 
rs. 

to 
o 
vo 


669.33 


vo 
00 
vo 


570.95 


554.98 


568.93 


583.38 


561.93 


vo 

sr 
to 


Bonding 
atmosphere 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


Alloy foil 


M 
W 

g i 

rl 
C 
U» 


o 
eg 






en 


OV 
-^r 


rH 
•H 


OO 


CM 


CO 


vo 
CM 


ov 
CO 


o 

00 




CM 

to 


CM 


ov 
00 


00 

ov 


vo 


o 


CO 
CM 


to 

vo 


vo 
CM 


CO 
OV 


o 

CO 


o 

C7V 


al components in alloy foil (atomic Z) 


Ti 


*n 

GO 


2.02 














3.82 


O 

«n 
CO 


<o 

CM 
CD 








OO 

CO 
to 


7.72 


vo 

-T 
CO 


7.52 


8,62 


i 6.97 


cn 

rH 

o 


3.02 


0.32 






xa 


6.30 


0.30 








0,99 


o 
r>. 

sj- 


ov 
OV 

VO 








ov 

CO 

o 


7.97 


6.60 


0.99 


C7V 
O 

cn 


CO 
CO 

o 








2,16 


1.36 


7.88 








9,57 


OO 
o 

1-4 


4.36 


CM 

eg 
ov 


rH 
-3- 

00 














00 

to 


m 

CM 


0.23 








7.45 


9.10 


5.51 


r** 
cn 

to 


<7v 


ov 

to 

CO 


cn 
to 

CO 


-a- 
rs 

CM 


Co 




















































Mo 
















































7.06 


8.65| 


Cr 






o 

CO 


vo 
OV 

CO 
rH 


14.08 


vo 
m 


13.66 


18.10 


0.70 


5.02 


6.58 


1 2.86 


13.85 


o 

00 


15.77 


o 
ov 


19.37 


12.91 


rs 
o 


lO 
vo 


rs 
vo 


13.70 


18.02 






> 


9.41 


U-1 

•«r 

o> 
I-I 


<r 
VO 

«o 

rH 


9.29 


CO 

-<r 

rH 


OO 
Ok 


15.29 


.-H 
rH 


12.82 


2.63 


o 
to 

rH 
rH 


o 

00 

<r 


vo 

to 


8.52| 


16.21| 


CM 

eg 
vo 

rH 


rH 

rs 

rH 


16.93 


15,29 


2.02 


7.02 


7.48 


«.a- 

Ov 

r* 


5.32 


13.73| 


Chemici 


Si 


2.03 


6.63 


12.22 


-a- 

OO 

eg 

rH 


2.08 


11,89 


4.70 


-J" 

VO 

rH 


7.57 


7.00 


6.23 


3.00 


r-i 
rH 

<r 
f-i 


00 

vo 


7.67 


12.07 


CO 
Ov 

O 


7.78 


rH 
O 

rH 


3,64 


11.05 


10.39 


to 
sr 

rH 


cn 
vo 

00 


12.76] 






vo 

eg 
eg 


rsi 
<r 

eg 

r-i 


vo 

eg 

rH 


19.58 


13.38 


9.66 


8.99 


rH 

eg 

OO 


eg 

CO 

to 


15.32 


to 

CO 


CM 

CO 

rH 


rs 

H 


14.16 


6.97 


8.35 


15.43 


CO 

ov 

ov 


10.64 


9.11 


13.95 


CO 

eg 
vo 


5.09 


vo 

-a- 

CO 
rH 


to 
•a- 

OO 


No. 


r-t 


CM 

to 


CO 

to 


<r 
in 


to 
to 


vo 

•n 


rs 
to 


OO 

to 


Oi 

to 


o 

vo 


rH 
VO 


CM 

to 


CO 

to 


*a- 
vo 


lO 

to 


vo 

to 


rs 

to 


OO 

to 


ov 


o 


rH 


CM 


to 




m 



25 



EP0 922 525 A1 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



I 

in 



Id 



E-i CO 



'H CO 

•o g 

PQ C0 



GO 

O CO 

O U ^ 



o 
o 



o 



o 
z 



to 

CO 



o 
in 



CO 

to 



CO 

m 



00 

to 



»o 

CO 



00 



o 

lO 



u 



u 
Id 



cd 



u 
Id 



to 

CO 



CO 

to 



to 
to 



to 



00 



eg 



00 

CM 



CM 



to 

00 



to 



o 



CM 



o 

Ot 

o 



o 
to 



to 



NO 



to 
to 



o 
to 



to 
\o 



vo 

to 



CO 

o 



o 
o 



oo 
to 



o 
»o 



to 
to 



CO 



eg 
a* 



o 
eg 



<7t 

vo 



to 
to 



o 



oo 

00 



CO 
00 



00 



CM 



o 



00 

eg 



00 



55 



26 



EP0 922 525 A1 



10 



IS 



20 



30 



35 



40 



45 



50 



in 
m 



(U JJ _ 

CO <u S 



00 ji 

^ CO 

•a o 

c: 6 

O 4J 

» Id 



o u 
< <J 



o 
o 



o 
32 



u 
o 



00 



o 



VO 



as 

CM 



o 

VO 



o 
in 

VO 



to 
o 

VO 



o 
o 

VO VO 

o 



m 

CM 
CM 



VO 

o 

VO 



U 

cd 



u 
Cd 



Ctt 



at 



u 
•H 
cd 



U 

01 



o 
o 



00 
00 



o 



o 

00 



o 
VO 



00 
CO 



Ov 



00 

CM 



ov 

VO 



CM 



VO 



CO 
CM 



CM 
O 



CO 



00 
<M 



00 
CO 



CM 



CO 



00 

o 



CO 
oo 



CM 
00 



vO 
VO 



CM 

m 



I** 



ov 



ov 

NO 



CM 



o 



CM 
O 



OV 



o 



VO 



o 
as 



CsJ 
CM 



cn 

CM 



CM 



55 



27 



EP 0 922 525 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



I 

m 



to 

Eh 



Qi 4-1 
to 



bO x: 
c Q« 

CO 

T3 O 

C G 

O 4J 
OQ OS 



O cn 

o a •-^ 

< 4J 



03 



o 
o 



o 



o 



o 



o 



in 



to 



CO 



o 



CO 



00 



o 
o 



00 



00 



o 



so 
O 



o 
m 



00 



u 

CQ 



1^ 
OS 



at 



u 
Id 



Id 



GO 
04 



00 

a* 



in 



CM 



00 



00 



VO 
CO 



CM 



oo 
-a- 



00 
CM 



CM 
00 



o 



vo 
o 



o 

lO 



vo 



sr 

CM 



CO 

vo 



in 



in 

00 



o 
oo 



00 

as 



ST 



CO 



m 

CM 



vo 
fO 



o 



in 



tn 
o 



o 
o 



o 

vo 



00 

as 



m 

CO 



o 
as 



o 
vo 



CO 

o 



CM 

as 



CO 

vo 



Cv 
vo 



o 



o 



CM 

o 



o 
as 



o 
m 



55 



28 



4 



EP 0 922 525 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



I 

in 

<u 

X> 
<a 

Eh 



c: a 

-o O 

C B 

o u 



O CO 

o o 



o 
o 



o 



CO 



o 

NO 



eg 



m 



CM 
00 



CD 
vO 



CM 



o 

VO 
VO 

in 



CM 
CM 



CM 
GO 

Ov 
CM 

m 



o 



VO 
00 



CM 
VO 



CM 

o 

VO 



o 

VO 

00 
CM 

m 



u 



01 



•H 



•H 

id 



VO 
00 



o 

VO 



VO 
CO 



VO 



CO 

m 



o 

CM 



VO 
CM 



00 

as 



00 



oo 

VO 



oo 

(3> 



en 



o 



CM 

o 



VO 
00 



o 

CM 



CO 
O 



CM 
OO 



00 
00 



to 

OO 



o 

VO 



CO 
CM 



O 
CM 



CM 



vO 
OO 



00 
VO 



o 



00 



Ok 

vn 



o 

VO 



CM 
VO 



VO 



00 

«o 



ov 



55 



29 



EP 0 922 525 Al 



Tensile 1 


strength 
(MPa) 


712.99 


621.52 


VO 
rH 

tn 
ov 

m 


VO 

fH 
CM 

xn 


579.11 


532.63 


575.37 


545.86 


532.33 


490.31 


511.14 


fH 
rH 

in 
m 


639.00 


535.76 


552.37 


586.26 


532.40 


! 549.89 


620.59 


576.72 


601.81 


655.67 


653.85 


726.02 




iere 


















































Bonding 
atmospti 


air 


air 


air 


air 


air 


air 


1 air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


air 


•H 09 
O OB 
tM 0) ^ 

i. 


\o 

00 


1^ 

m 


cn 

00 


CM 


s9- 

cn 


CO 

tn 


CO 
VO 


OV 
fs. 


CM 
<^ 


cn 

00 


OV 

-a- 


tn 

sr 


rH 
rH 


o 


OV 

m 


»n 

VO 


OV 


CO 
CM 


ST 


CM 
-a- 


00 
OV 


VO 

rs. 


VO 
rH 


o 

ps 


All( 


H 
J 




















































11 


00 
<T> 

VO 


4.69 


3.66 














1.46 


2.21 


9.27 








CO 
rH 

O 


OV 
ps 

CO 


•a- 
O 


4.05 


o 

OV 

-J- 


5.11 


8.13 


1.37 


rH 

en 

<r 


Dmic 2] 


Xi 


vn 

s*- 

o> 


5.03 


00 
«H 








9.70 


rs 
cn 

CM 


<r 
o 

<JV 








00 
CM 


1 3.20 


7.19 


8.62 


OV 
CO 

CM 


7.92 








-a- 
rH 


9.35[ 


9.23] 


il (at( 




1 6.83 


0.47 


6.19 


3.29 


7,20 


1.36 














9.83 


VO 
CM 

fH 


rH 
rH 

SJ- 








8.84 


3.41 


1.47 


rH 

sf 

VO 


2.96| 


8.2l| 


fo 


O 


VO 


CM 


00 
CM 


cn 

ov 


OV 

rs. 


r- 
tn 


-a- 
r-^ 


CO 
VO 


VO 
CO 


CM 
VO 


o 
tn 


CO 

cn 


VO 


rH 
CO 


r*. 

CO 


o 
cn 


to 

VO 


rH 


CM 
CO 


rH 

cn 


o 
m 


OV 
00 


00 
CO 


CM 


loy 






CM 


rH 


ov 


OV 


tn 


CM 

rH 


f-s 


o 


CM 
rH 


OV 


-a- 


cn 

rH 


VD 


o 

rH 


VO 


CO 
rH 


to 


cn 

rH 


CM 


CO 


CO 


rH 


cn 


al 


o 








VO 
rH 


fH 

OO 


r«* 
rs. 


O 

OV 


<r 
VO 


SJ- 
o 


CO 


rH 

<r 


sT 

sr 


O 

to 


rH 

rs 


CJV 

<r 


CO 

o 


sj- 
rH 


00 

P*. 


CM 

CM 


CO 


<n 

ps 


VO 

VO 


en 

CO 


CM 
rH 


i in 


s: 








CM 


r» 


CM 
rH 


to 


CO 


iH 
*H 




in 


OV 


o 

rH 


CM 


rH 


rH 




in 


m 


tn 


o 




fH 
fH 


ps 


nts 


u 


VO 
fO 


00 

rs. 


CO 


OO 
VO 


00 
CM 


ST 
iH 


Ps. 
O 


rs 
m 


CO 
OV 


fSfc 


VO 

rs. 


CM 




o 

00 


VO 

ps 


CM 


in 
rs 


VO 

tn 


ps 
ps 


VO 
VO 


CO 

o 


in 


O 

OV 


rH 
OV 


)one 


o 


OV 


\n 


CM 


rH 


rH 
rH 


rH 


VO 
rH 


o 

fH 


CO 

rH 




tn 


iH 
rH 


o 


00 
rH 


rH 
rH 


-<r 


CM 
rH 


rs. 


o 

rH 


<PV 


fH 


•IT 


in 


cn 


omj 




<r 
m 


fH 
00 


ST 


sr 


CM 


CM 
CO 


O 

m 


VO 
CO 


rH 
00 


cn 
rs 


o 

fs. 


-a* 


rH 


-a- 

rH 


O 
CM 


CO 
OV 


CO 

cn 


OV 
rH 


ps 

OV 


OV 

VO 


VO 
CM 


OV 
CM 


ps 

m 


CO 

o» 


u 

f-l 
at 


> 




CO 
rH 


o 




rH 
«H 


<n 

rH 


fH 
rH 


tn 

rH 


CO 


in 


00 


m 


sr 

rH 


O 
rH 


CM 


sT 
rH 


VO 


00 


C7V 


o 

rH 


C7V 
rH 


cn 

rH 


C7V 
rH 


CO 
rH 


Chemici 


Si 


8.53 


VO 
CM 

.H 

rH 


VO 


4.79 


rH 
rH 

cn 

rH 


12.63 


5.38 


5.13 


3.71 


3.07 


CO 
VO 

-3- 
fH 


6.37 


ov 

rs 

<S' 


7.52 


0.93 


11.97 


7.15 


1.81 


12.77 


3.20| 


8.22 




9.16| 


VO 
(TV 






m 
r«* 


O 

<r 


OV 

r» 


-a- 

VO 


fs. 


-a- 


o 

CM 


ps 

m 


OV 
CO 


OV 
VO 


m 

CM 


rs 
rs. 


cn 
m 


tn 

00 


rs 
to 


rs 


CM 

m 


OV 
00 


rH 
rH 


OV 


o 
o 


sj- 

in 


o 
m 


in 
m 






OV 


CM 
iH 


Ov 
rH 


VO 


*H 


o> 

rH 


OV 


rs 

rH 


CO 
rH 


CM 




m 

rH 




fs. 


cn 


OV 
rH 


00 


CM 


rH 


m 

rH 


cn 


CO 
rH 


oo 


CM 


No. 


VO 




00 


OV 

rs. 


O 
00 


rH 
00 


CM 
00 


pn 
oo 


00 


m 
00 


vO 
00 


rs 


00 
00 


OV 
00 


o 

OV 


rH 
OV 


CM 
OV 


CO 

o> 


OV 


m 

OV 


VO 

OV 


P^ 
<7V 


00 


<3V 
CTV 



30 



EP 0 922 525 Al 



5 




Tensile 
strength 
(MPa) 


0.05 


179.06 


0.31 


327.19 


0.02 


o\ 

r-l 

^a- 
cn 


123.71 


117.93 


198.49 


145.05 


180.77 


*a- 

CM 

-a- 

rH 
CM 


258.07 1 


10 




Bonding 
atmosphere 


air 


air 


air 


air 


air 


air 


air 1 


air 


air 


air 


air 


air 


air 


IS 




foil 
ness 
m) 


cn 
«n 


o 
cn 


*n 
cn 


r-l 


lO 


in 
f-i 


vn 

vO 


in 


vO 
OO 


CM 

o% 


•H 
•H 


CM 








Alloy 
thick 

/it 


CM 
r-l 


iH 

CM 


CO 


iO 


Ov 

\o 


CM 


vo 


o 


CM 


O 

o\ 


i-l 


-a- 

CO 


cn 
cn 

rH 


20 






Ti 
























<r 
<r 

<T 
rH 






0) 


)mic Z) 


Z 






















16.17 








Tabl 


il (at( 






















CM 

m 

rH 






6.16 


30 




loy fo 


Co 


















18.71 






2.95 




35 




in al 


Mo 
















19.93 








in 

rH 


m 

rH 

00 






)onents 


u 

a 














23.15 










11.21 




40 




il comp 


> 


10.02 


CM 

-a- 
i-i 


17.01 


CM 
VO 


0.05 


1 22.95 


10.91 


8.07 


1.07 


19.18 


18.05 


13.40 


cn 
o> 

cn 

rH 


45 




:hemic< 


Si 


13.64 


6.80 


o 
o 


18.16 


7.95 


12.55 


<r 

o 
I-I . 


6.90 


14.36 


<r 

cn 
r-l 


00 
rH 


9.99 


6.32 








iH 

m 


ov 


CM 


.53 


CT» 
O 


a\ 
o 


00 


-a- 


m 
vo 


vo 

CO 


VO 
00 


o 


rH 

in 










o 


CM 


rH 


CM 

i-\ 


en 
.H 


r-l 


vn 


tn 


o^ 


-•r 


rH 


CM 


vn 

rH 


SO 




No, 


o 
o 

CM 


— ♦ 
O 
CM 


CM 

o 

CM 


cn 
O 
CM 


*a- 
O 

CM 


vn 
o 

CM 


\o 
o 

CM 


O 

CM 


00 

o 

CM 


<3* 
O 
CM 


o 

rH 
CM 


rH 
rH 
CM 


CM 
rH 
CM 



[0095] As shown in Table 5. a very satisfactory tensile strength of over the target level of 400 Mpa was exhibited by 
55 joints No. 1 to 199 (invention examples) which were obtained by liquid phase diffusion bonding wherein the bonding 
materials were diffusion bonding alloy foils according to the fifth to eighth inventions and the thirteenth invention. 
[0096] In contrast, as shown In Table 6. tensile strength of under the target level of 400 MPa, which was completely 
unsatisfactory, was exhibited by all of the joints No.200 to 212 (comparative examples) which were obtained by liquid 
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phase diffusion bonding wherein the bonding materials were comparison alloy foils with compositions or thicknesses 
not conforming to the invention. 

[0097] Specifically, No.200 of the comparative examples was a case where the P content was insufficient and the 
melting point was over ISOC^C, resulting in markedly lower tensile strength, while No.201 was a case where the P con- 
5 tent was high and coarse borides were abundantly produced at the alloy side of the bond near the joint, thus reducing 
the tensile strength of the joint. 

[0098] No.202 was a case where the Si content was insufficient and the melting point was over 1300**C, resulting in 
markedly lower tensile strength at the joint, while No.203 was a case where the Si content was in excess and coarse 
Si02-based oxides were produced in the insert metal during bonding, thus reducing the tensile strength of the joint. 
10 [0099] No.204 was a case where the V content was insufficient so that the oxide film produced on the borKled material 
alloy surfece was not adequately countered and the tensile strength of the joint was reduced, while No.205 was a case 
where the V content was in excess and the melting point was extremely high, so tliat liquid phase diffusion txDnding 
could not be adequately accomplished and the tensile strength of the joint was reduced. 

[0100] No.206 was a case where Cr was abundantly present resulting in a considerably high melting point so that liq- 
75 uid phase diffusion bonding could not be adequately accomplished and the tensile strength of the joint was reduced, 
while No.207 was a case where the Mo content was in excess impairing the toughness and reducing the joint strength. 
[0101 ] Na20d was a case where the Co content was in excess and coarse intermetallic compounds were produced, 
reducing the toughness and lowering the tensile strength at the joint, No.209 was a case where the W content was in 
excess and coarse intermetallic compounds were produced, reducing the toughness and lowering the tensile strength 
20 at the joint, and No.21 0 was a case where the Nb content was in excess, and grain boundary segregation was produced 
due to overproduction of borides, resulting in fragility and reducing the tensile strength at the joint. 
[0102] No.21 1 was a case where the Tl content was in excess, and overprecipitation of coarse intermetallic com- 
pounds resulted in lower toughness and reduced tensile strength at the joint, and No.21 2 was a case where the alloy 
foil thickness was too large, resulting in reduced tensile strength at the joint. 
25 [0103] As shown above, liquid phase diffusion bonding using the comparison insert metals which partially satisfied 
the conditions of the invention but did not satisfy all of those conditions was not able to provide the target joirn tensile 
strength of 400 MPa. 

[0104] Rg. 10 confirms the relationship between the P concentration in the insert metal as determined for diffusion 
bonding alloy foils according to the fifth to eighth inventions and the joint tensile strength (MPa). showing that when P 

30 is less than 1 .0% the melting point of the insert metal is high, and when it is over 20.0% the phosphides produced near 
the tx)nding interface lower the joint tensile strength. A high joint tensile strength is obtained when P is from 1 .0-20.0%. 
[0105] Fig. 11 is a graph showing the comparative toughness (J) of the matrix heat affected zone at a testing temper- 
ature of C^C with present invention insert metals using P as the diffusion element and present invention Insert metals 
using B as the diffusion element: when P was used as the diffusion element bonding was possible at a temperature of 

35 SSO^'C, so that coarse crystal grains were adequately prevented at the niatrix heat affected zone and products with high 
toughness were obtained. 

[0106] The relationship between tiie joint tensile strength and the V concentration of the insert metal was sidastantially 
no different from Fig. 4. the relationship between Si and the joint tensile strength was substantially no different from Fig. 
5, and the relationship between the insert metal thickness and the joint tensile strength was sii)stantlally no different 
40 from Fig. 7, and these are therefore not shown. 

[01 07] The relationship between the joint tensile strength (MPa) and the bonding time in comparison with the invention 
insert metals using B as the diffusion element were roughly the same as Fig. 8, Table 3 and Table 4, and these are 
therefore not shown or listed. 

45 (Examples) 

[0108] Emtxxliments of diffusion bonding alloy foils according to the ninth to twelfth inventions and the thirteenth 
Invention, in which P and B were included as the diffusion elements and Si and V as essential components, will now be 
explained based on Tables 7 and 8 and Figs. 12, 13 and 14. 
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[0109] As shown in Table 7. a very satisfactory tensile strength of ever the target level of 400 MPa was exhibited by 
joints No.1 to 199 (invention examples) which were obtained by liquid phase diffusion bonding wherein the bonding 
materials were diffusion bonding alloy foils according to the ninth to twelfth inverrtions arxi the thirteenth invention. 
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[01 1 0] In contrast, as shown in Table 6, a tensile strength of under the target level of 400 MPa. which was completely 
unsat'sfactory. was exhibited by all of the joints No.200 to 212 (comparative examples) which were obtained by liquid 
phase diffusion bonding wherein the bonding materials were comparison alloy foils not conforming to the invention. 
[0111] Specifically, No.200 of the comparative examples was a case where the B content was insufficient and the 
s melting point was over 1300^*0. resulting in markedly lower tensile strength, while No.201 was a case where the B con- 
tent was high and coarse borides were aburKiantly produced at the alloy side of the bond near the joint, thus reducing 
the tensile strength of the joint. 

[0112] No.202 was a case where the P content was insufficient and the melting point was therefore over 1300**C. 
resulting in markedly lower tensile strength, while No.203 was a case where the P content was high and coarse phos- 
10 phides were abundantly produced at the borxied material side of the bond near the joint, thus reducing the joint tensile 
strength. 

[0113] No.204 was a case where the Si content was insufficient and the melting point w^ over ISOO^'C, resulting in 
markedly lower tensile strength, while No.205 was a case where the Si content was in excess and coarse Si02-based 
oxides were produced in the insert metal during bonding, thus reducing the joint tensile strength. 
75 [01 1 4] No.206 was a case where the V content was insufficient so that the oxide film produced on the bonded material 
alloy surface was not adequately countered and the tensile strength of the joint was reduced, while No.207 was a case 
where the V conterrt was in excess and the melting point was extremely high, so that iKiukJ phase diffusion bonding 
could not be adequately accomplished and the tensile strength of the joint was reduced. 

[0115] No.208 was a case where Cr was abundantly present resulting in a considerably high melting point so that liq- 
20 uid phase diffusion bonding could not be adequately accomplished and the tensile strength of the joint was reduced, 
while No.209 was a case where the Mn content was in excess impairing the toughness and reducing the joint strength. 
[01 1 6] No.21 0 was a case where the Nb content was in excess, impairing the toughness and lowering the joint tensile 
strength. 

[0117] No.21 1 was a case where the insert metal thickness was too large, resulting in reduced joint tensile strength. 
2S [0118] As shown atxyve, Ik^juid phase diffusion bonding using the comparison insert metals which partially satisfied 
the conditions of the invention but did not satisfy all of those conditions was not able to provMe tiie target joint tensile 
strength of 400 MPa. 

[01 19] Fig. 1 2 shows the relationship between the bonding time and the joint tensile strength (MPa) for diffusion bond- 

ing alloy foils according to the ninth to twelfth inventions and tiie thirteenth invention, irxjicating that the borKling time is 
30 shorter and a high joint tensile strength is obtained. 

[0120] Fig. 13 is a graph showing the toughness (J) of the matrix heat affected zone at a testing temperature of O^'C; 

even when the borxiing was at a temperature of lOSO^'C or higher, tiie toughness was shown to be higher than with 

insert metals where B was used as the diffusion element (see Fig. 9) and about the same as with insert metals vifhere 

P was used as the diffusion element (see Fig. 11). 
35 [0121] The insert metals in which B and P were added in combination had good amorphous formation, but when the 

Si content is also high, accelerated vitrification results in poorer founding properties and a non-uniform tiiickness of the 

foil. 

[0122] Fig. 1 4 shows that because of this decrease, the joint tensile strength Is lowered when the Si content exceeds 
10%. 

40 [01 23] The relationship between tiie joint tensile strength and the V concentration in the insert metal was substantially 
no different from Rg. 4. the relationship between the joint tensile strength and the B concentration in the insert metal 
was substantially no different from Fig. 6, the relationship between the joint tensile strength and the P concentration in 
the insert metal was sut>stantially no different from Fig. 1 0, and the relationship between the insert metal thickness and 
the joint tensile strength was substantially no different from Fig. 7, and these are therefore not shown. 

45 [01 24] The relationship between the joint tensile strengtti (MPa) and the lx>nding time was confirmed by results which 
compared favorably witii the insert metals using B as the diffu8k>n element. 

[0125] As explained akxive, each of the inventions of the present invention allow bonding of Fe-based materials to be 
accomplished in a relatively short time, and can ensure adequate bonding sti-ength and toughness of matrix heat- 
affected zones while also stably ensuring sufficient tensile strength of joints. 
so [0126] In the aforementioned examples the liquid pfiase diffusion bonding alloy foils are used for tx)ndlng of cart>on 
steel, but such bonding is not limited to cartx)n steel, and the liquki phase diffusion bonding alloy foils may be applied 
as well to bonding of stainless steel, high nickel-based alloys, heat resistant alloy steels and the like. 

Industrial Applicability 

55 

[0127] According to tiie present invention it is possible to accomplish liquid phase diffusion bonding of high nickel- 
based alloys, stainless steel, heat resistant alloy steels and other alloys and Fe-based materials (steel plates, steel 
pipes, reinforcing steel, bar steel, etc.) in an oxidizing atmosphere, while joints with high tensile starength can also be 
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ensured in a short time, to allow drastic reduction in the time required to accomplish lx>nding. 
Claims 

5 1. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

B: 1.0-20.0%. 
Si: 0.5 -<1 5.0%. 
10 V: 0.1 -20.0% 

in terms of atomic percent and the remainder suk^stantially Ni and unavoidable impurities, and by having a thick- 
ness of 3-1 00 ^m. 

IS 2. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

B: 1.0-20.0%, 
Si: 0.5 - <15.0%. 
20 V: 0.1 -20.0%. 

and one or more types of 

Cr: 0,1-20.0%. 
2S Mn: 0.1 - 10.0%. 

Co: 0.1 - 15.0% 

In terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thick- 
ness of 3-100 itm. 

30 

3. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

B: 1.0-20.0%. 
35 Si: 0.5 -<1 5.0%. 

V: 0.1 -20.0%. 

and one or ntore types of 

40 W: 0.1 -10.0%. 

Nb: 0.1 - 10.0%. 
71:0.1 -10.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thick- 
45 nessof 3-100 iim. 

4. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atinosphere. characterized by having 
a composition containing 

so 8:1.0-20.0%. 

Si: 0.5 -<1 5.0%. 
V: 0.1 -20.0%. 

and one or more types of 

55 

Cr: 0.1-20.0%. 
Mn: 0.1 -10.0%. 
Co: 0.1 - 15.0%. 
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and additionally one or more types of 

W:0.1 - 10.0%. 
Nb: 0.1-10.0%. 
5 Ti: 0.1 - 10.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thick- 
ness of 3-1 00 (tm. 

10 5. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

P: 1.0-20.0%. 
Si: 0.5 - <15.0%. 
75 V: 0.1 - 20.0% 

in terms of atomic percent and the remairxler substantially Ni and unavoidable impurities, and by having a thick- 
ness of 3-1 00 iim. 

20 6. A liquid phase diffusion trending alloy foil capable of bonding in an oxidizing atmosphere, diaracterized by having 
a composition containing 

P: 1.0-20.0%, 
Si: 0.5 • <15.0%, 
25 V: 0.1 -20.0%. 

and one or more types of 

Cr: 0.1 -20.0%. 
30 Mo: 0.1 - 15.0%. 

Co: 0.1 - 15.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidaksle Impurities, and by having a thick- 
ness of 3-1 00 pm. 

35 

7. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

P: 1.0-20.0%, 
40 Si: 0.5 - <15.0%. 

V:0.1 -20.0%. 

and one or more types of 

45 W: 0.1 -10.0%. 

Nb: 0.1 - 10.0%, 
71: 0.1 - 10.0% 

in terms of atomic percent arxJ the remainder substantially Ni and unavoidable inpurities, and by having a thick- 
so nessof 3-100 tun. 

8. A liquid phase diffusion bonding altoy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

55 P: 1.0 -20.0%. 

Si: 0.5 - <15.0%, 
V: 0.1 - 20.0%. 
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and one or more types of 

Cr: 0.1 -20.0%, 
Mo: 0.1 - 15.0%, 
5 Ck): 0.1 - 15.0%. 

and additionally one or more types of 

W: 0.1 -10.0%. 
10 Nb: 0.1 - 10.0%, 

Tl: 0.1 - 10.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidable impurities, and by having a thick- 
ness of 3-100 jim. 

IS 

9. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

P: 1.0-20.0%. 
20 B: 1.0 -20.0%, 

Si: 0.5 - <10.0%. 
V: 0.1 -20.0% 

in terms of atomic percent and the remainder substantially Ni and unavoidatsle impurities, and by having a thick- 
25 . ness of 3-100 ^m. 

10. A liquid phase diffusion fcx)nding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

30 P: 1.0 -20.0%. 

8:1.0-20.0%. 
Si: 0.5 -<1 0.0%. 
V: 0.1 -20.0%, 

35 and one or more types of 

Cr: 0.1 -20.0%. 
Mn: 0.1 - 10.0%. 
Co: 0.1 -15.0% 

40 

in terms of atomic percent and the remainder substantially Ni and unavoidat^le impurities, and tsy having a thick- 
ness of 3-100 fun. 

11 . A liquid phase diffusion bonding alloy foil capable of kx)nding in an oxidizing atmosphere, characterized by having 
45 a composition containing 

P: 1.0-20.0%, 
B: 1.0-20.0% 
Si: 0.5 -<1 0.0%, 
so V: 0.1 -20.0%, 

and one or more types of 

W:0.1 - 10.0%. 
55 Nb: 0.1 - 10.0%, 

Ti:0.1 -10.0% 

in terms of atomic percent and the remainder sut>stantially Ni and unavoidable impurities, and by having a thick- 
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ness of 3-100 |ifn. 

12. A liquid phase diffusion bonding alloy foil capable of bonding in an oxidizing atmosphere, characterized by having 
a composition containing 

P: 1.0-20.0%, 
B: 1.0-20.0%. 
Si: 0.5 - <10.0%. 
V: 0.1 -20.0%. 

and one or wore types of 

Cr:0.1 -20.0%. 
Mn: 0.1 - 10.0%. 
Co: 0.1-15,0%. 

and additionally one or more types of 

W: 0.1 - 10;0%. 
Nb: 0.1 - 10,0%. 
Ti: 0.1 - 10.0% 

in terms of atomic percent and the remainder substantially Nl and unavoidable impurities, and by having a thick- 
ness of 3-100 urn. 

13. A liquid phase diffusion kx}nding alloy foil capable of bonding in an oxidizing atmosphere according to any of claims 
1 to 12, characterized in that the crystal structure of the composition is substantially amorphous. 
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Fig. 2 
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